INTRODUCTION
Duchenne muscular dystrophy (and the milder Becker form) affect about one male 1n 4000. Despite intensive research the biochemical function of the gene product has remained completely elusive. The elegant work of the groups of Kunkel (3, 4, 5, 6) and Worton (1, 2, 7) has recently led to the isolation of genomic and cDNA sequences corresponding to part of the DMD gene. The mapping of incomplete cDNA clones (3) and the results of restriction mapping experiments using pulse field gel electrophoresis (8, 9) suggested that the DMD gene 1n truly enormous and might cover as much as 1000 to 2000 kb, and codes for a 16 kb mRNA. This has been very recently confirmed by Koenig et al (4) who cloned the entire cDNA. This complexity will render very difficult the study of its genomic organisation and of the mutations that cause the disease, especially since 1t can be expected that each Duchenne family will carry an independant nutation. In an effort to characterize a region of the DKD gene different from that analysed by Monaco et ai. (3, 5) we have engaged in a cosmid walk, around the translocation breakpoint caracterized by Ray et al (2) . We have cloned 230 kb of contiguous genoraic DNA, partially characterized a sequence conserved in man and chicken, and defined end points of three independant Duchenne deletions, located within a 20 kb region of the gene.
HATERIALS AND METHODS
Cloning of junction fragment fron the X-21 translocation.
A fragment containing both a rDNA sequence from chromosome 21 and an X linked sequence was cloned from the A 2-4 somatic cell hybrid line that contains the translocated chromosome 21qter-pll : Xp212-qter as sole human contribution on a mouse background (1) . This cell line was provided to us by Dr. R. Worton. The A2-4 DNA was first digested with Bglll and fragments in the 3,5 kb range were isolated after electrophoresis in low melting point agarose. The resulting DNA was further digested with BamHI and Hindlll, and the 2 kb region was similarly Isolated. This allowed us to separate the 2 kb BamHI -Hindlll junction fragment from human and mouse rDNA fragments (^ 7,5 kb). The enriched fraction was cloned in a X 1149 insertion vector (10) modified to clone Hindlll -BamHI fragments. 200 000 recombinants were screened with a 1.6kb BamHI -EcoRI probe corresponding to part of the Human 28 S rDNA (11) . Two identical clones were obtained which fit with the map established by Ray et al. (2) . The low yield of positive clones confirm the observation by Ray et al. (2) that the junction fragment is extremly underepresented in genomic libraries. CosBid cloning.
DNA from a 49 XXXXY human lymphoblastoid cell line was prepared by standard methods. Mecanical shearing was minimised and ethanol precipitation avoided 1n order to obtain DNA of more than 200 kb in length. This DNA was partially digested with Mbol for various length of time and was fractionated by sedimentation on a 5-30 X NaCl gradient (in Tr1s-HCl 20 mM, pH 7.8, EDTA 5 mM) for 16 h at 36 000 rpn, 20°C 1n a SW41 Beckmann rotor. Fractions containing fragments larger than 40 kb were used for cosmid cloning. The Sp cos cosnid vector was first cleaved at the PvuII site located between the cos sites and dephosphorylated with calf intestine alkaline phosphatase. After phenol-chloroform extraction and ethanol precipitation, the vector was further cut with BamHI. A 10 fold molar excess of vector was Ugated to fractionated human DNA with T4 DNA ligase and packaging was performed as described in Maniatis et al (12) . Packaging extracts were made as described by Scalenghe et al (13) .
The library was titrated on the DH1 strain and 1.10' cosmid clones were plated directly on Pall Biodyne membrane placed over agar plates (with 100 ug/ml Ampicillin). Replicates were made on the same membrane, covered by an additional nylon membrane and stored at -80°C between two sheets of 3MM Whatman paper impregnated with freezing medium (freezing medium is L broth containing 40mM potassium phosphate (pH 7.2) 7mM (NH4) 2 S0,,, 1.5mM Na Citrate, 0.4mM Mg SO, 5 % glycerol and 100 mg/1 ampicillin.
The master filter was used for hybridization screening (ten to twelve successive hybridizations were performed). Some replicas were used up to 5 times for clone isolation without detectable loss in efficiency (see text).
Other methods
Genomics blots were performed on Diazobenzyloxymethyl (DBM) paper as described by 0berl6 et al (14) . Hybridization with whole cosmids was as described by Litt and White (15) with slight modifications. Subcloning of fragments was 1n general performed using a 2.9 kb vector (Spl) derived from the Sp cos vector (R. He1l1g unpublished). For mapping of cosmid clones, individual cosmids were digested with Sail or with Smal (enzymes that cut rarely human DNA) and were then partially digested with EcoRI, BamHI or Bglll. The digests were analysed after electrophoresis on 0.5 % agarose gels by Southern blotting and hybridization to the cosmid vector. Complete digests were analysed after end labelling of fragments using the filling 1n reaction of DNA polymerase (Klenow fragment). The Maxam Gilbert method (16) was used for DNA sequencing. 
RESULTS

The
Strategy for the cosmid walk.
A cosmid library was prepared using DNA from a 49 XXXXY lymphoblastoid cell line partially digested with Mbol and size selected by sedimentation on 2) the region of overlap was so small that it could only be analysed by digestion with more frequently cutting enzymes (Ddel, Hinfl, Alul) followed by hybridization with the screening probe. The cosmid clone that appeared the most interesting at a given step was subjected to "end fragment subcloning". Several restriction sites were chosen on each side of the polylinker and this generated several "miniclones" which were analysed for the presence of repetitive sequences and for their position with respect to the direction of walk. If a unique sequence fragment could not be directly Isolated in this way further analysis of end fragment clones was necessary. The "end probes" generated were tested for X linkage and localisation with respect to the X-21 translocation breakpoint, by Southern blot hybridization to appropriate genomic ONAs. In two cases the end probes were found not to be X-l Inked and alternate cosmid clones had to be analysed. Unique X-lInked "end probes" were used to screen the original unamplified library, and 1t was possible to avoid backward step since clones already positive at the preceding steps were easily identified. around the X-21 translocation breakpoint was systematically subcloned in a plasmid vector. We chose, for the subcloning step, restriction enzymes that cut the various cosmids 1n a limited number (i 8) of fragments. The subclones were directly used as probe without eliminating those that contain human repetitive sequences (le the vast majority of the subclones). We reasoned that repetitive sequences are in general species specific (under appropriate hybridization conditions) and that by testing a sufficient number of mammalian species, it would be possible to Increase the probability of detecting cross hybridization with a unique human sequence without Interference from repetitive sequences. Since X linkage of protein coding genes 1s thought to be conserved throughout mammalian evolution (19) we tested male and female DMAs from lemurs, mouse and hamster, so that gene dosage could Indicate whether a hybridizing fragment 1s X linked or not. Chicken DNA was also Included 1n the screening blots. Subclones were tested and a single one corresponding^ to a 4.9 kb PstI fragment located at 56 kb from the X-21 translocation breakpoint, on the telomeric side, was found to hybridize to unique X linked fragments in mouse and hamster. This probe detected a smear 1n human DNA due to presence of repetitive sequence (F1g. 3A). Subcloning allowed to restrict the cross hybridizing sequence to a lkb Hpal-BstNI subclone that was devoid of human repetitive sequences (laboratory acronym CCR1). Sequence conservation was also detected with this probe in lemurs, rat, bovine and chicken DNA (Fig. 3B) . The latter observation 1s especially significant 1n view of the large evolutionary distance between human and chicken. Differential dosage in males and females Indicated X linkage in mouse, hamster and lemurs. It should be noted that two other clones derived from cosraid 1 A detected a set of conserved fragments in rodent OKA. However these were not X linked and the multiplicity of fragments suggests that they correspond to a pseudogene family.
Comparison to the homologous region In chicken.
We used the lkb Hpal-BstNI (CCR1) fragment to screen a chicken genomic library (20) . Seven bacteriophage clones were obtained that showed overlapping restriction maps. A 1.1kb PstI fragment that contained the cross hybridizing region was subcloned and sequenced. Comparison to the sequence of the corresponding human region showed better than 70 % homology over 385bp (from Nt 63 to 447, in Fig.4 ) with very few gaps. In particular a long conserved open reading frame of 60 codons was found between conserved putative acceptor and donor sequences (positions 257 and 438). Araino add sequence homology was 73 % corresponding to a nucleotide sequence h.°mology of 75 %. Termination codons were found in chicken and man in all the other possible frames. We conclude that this region corresponds to a conserved protein coding exon. In the upstream region the sequence conservation is however much greater than would be expected in the absence of selective pressure. A second putative exon sequence is found in man from Ntl22 to 187. This 66bp region is 65 % conserved between man and chicken and a putative donor signal is found In a stretch of 16 completely conserved nucleotides. A single open reading frame is found in man and chicken up to a potential donor site in man. The reading frame would be in phase with that of the following exon, described above. However in the chicken we do not find at the homologous position a characteristic donor sequence, since it does not contain the characteristic GT dinucleotide, which is replaced by GC. It should be noted that GC has been found previously in functional donor splice sites ( al (18) . Comparison of restriction maps shows that the region we have isolated overlaps on its 3' side, by about 70 kb, the Pert region. In order to detect potential coding sequences we have searched for sequences conserved in evolution (24), an approach that has proven powerful for detecting exons in the Duchenne gene (3, 25) and for the identification of gene sequences corresponding to the retinoblastoma gene (26) and to a candidate for the cystic fibrosis gene (27) . To avoid the tedious and inefficient cloning of single copy sequences, we have used, to search for cross hybridizing sequences, all fragments from a 120 kb region, whether they contained or not human repetitive sequences. By screening for homology 1n various species, 1t is in general possible to find at least one where a particular human probe is non repetitive. This proved successful for detecting a region that contains one and possibly two exons as shown by comparison with the homologous chicken sequence. One problem in using cross hybridization as a detection method for expressed genes is the frequent presence of well conserved dispersed families, that 1n most analysed cases correspond to pseudogene sequences (of the retrotranscript type). We encountered two such sequences 1n step 1A. However at least for X linked genes, the conservation of X linkage 1n mammalian species 1s a efficient way to discriminate between genes and pseudogenes (24). The conserved sequence present in the CCR1 probe (as well as that corresponding to the Pert 87-25 fragment) has recently allowed us to map the Duchenne homolog in mouse, close to the G6PD and coagulation factor VIII loci, and far from the ornithine transcarbaroylase locus, thus showing a very different arrangement than in man (28). 
